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6D	
  cooling	
  Channels:	
  
Target :εT= 300 μm εL= 1.5 mm 	
  
-­‐	
  Tapered	
  Rec6liniar	
  VCC	
  channel	
  	
  
-­‐	
  Helical	
  Cooling	
  Channel	
  HCC	
  	
  

-­‐  High	
  field	
  cooling	
  Channel	
  	
  
-  Target :εT= 25 μm εL= 72 mm 	
  

-­‐  Muon	
  produc6on	
  
-­‐  Muon	
  Capture	
  
-­‐  Bunching	
  into	
  12	
  microbunches	
  
-­‐  Energy	
  phase	
  rota6on	
  of	
  

microbunches	
  to	
  a	
  common	
  
centeral	
  energy	
  

R.	
  Palmer	
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  2007	
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Energy	
  loss	
  in	
  low	
  z	
  material	
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Final	
  cooling	
  

✏equ,N =
�?E2

s

2�mc2LR(dE/ds)

Reduc?on	
  of	
  	
  	
  εT < 300 μm

à 	
  	
  	
  P	
  <	
  135	
  MeV/c	
  +	
  strong	
  focusing	
  25-­‐40	
  T	
  
P	
  <	
  135	
  MeV/c	
  
	
  à	
  Posi?ve	
  slope	
  of	
  dE/dx	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
à	
  requires	
  small	
  ini?al	
  εL	
  	
  
while	
  limi?ng	
  the	
  expansion	
  of	
  	
  σE	
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✏?(min) / E

BLR(dE/ds)

Minimum	
  emiaance	
  achievable	
  in	
  a	
  long	
  solenoid	
  field	
  

B	
  magne?c	
  field	
  at	
  absorber	
  loca?on	
  
LR	
  Material	
  radia?on	
  length	
  
dE/ds	
  Energy	
  loss	
  in	
  material	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

40-­‐45	
  T	
  

Experimental	
  data	
  from	
  High	
  Magne?c	
  Field	
  
Laboratory	
  show	
  the	
  possibility	
  of	
  40	
  T	
  fields.	
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Conceptual	
  simula?on	
  in	
  constant	
  field	
  with	
  no	
  matching	
  	
  -­‐	
  no	
  	
  RF	
  
	
  
Ø  Cool	
  in	
  the	
  transverse	
  dimensions	
  while	
  the	
  longitudinal	
  emiaance	
  grows	
  
Ø  Reduce	
  energy	
  gradually	
  as	
  we	
  progress	
  in	
  the	
  stages	
  
Ø  Reduce	
  absorber	
  length	
  gradually	
  
Ø Maintain	
  energy	
  spread	
  within	
  acceptable	
  limits	
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Ø  High	
  field	
  solenoid	
  magnet	
  25-­‐40	
  T	
  
Ø  3.5	
  T	
  transport	
  field	
  throught	
  the	
  channel	
  
Ø  Asymmetric	
  transverse	
  match	
  to	
  and	
  out	
  of	
  the	
  high	
  field	
  solenoids	
  
Ø  Energy	
  phase	
  rota?on	
  to	
  maintain	
  low	
  energy	
  spread	
  	
  

à	
  Increases	
  bunch	
  length	
  
à	
  Reduce	
  the	
  RF	
  frequencies	
  gradually	
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  &	
  Structure:	
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HIGH FILED 50-30 T MAGNET	



Length [m] Inner radius [m] Thickness [m] I/A [A/mm2]

0.317 0.025 0.029 164.26
0.337 0.055 0.041 142.43
0.375 0.098 0.056 125.88
0.433 0.157 0.067 119.07
0.503 0.228 0.120 85.99
0.869 0.355 0.089 39.60
0.868 0.454 0.104 44.30
0.992 0.575 0.252 38.60
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Lacce	
  Design	
  &	
  Structure:	
  

LH2	
  Absorber	
  

RF	
  cavi?es	
  

Energy	
  phase	
  rota?on	
  

Early	
  Stages:	
  RF	
  inside	
  
transport	
  solenoid	
  coils	
  	
  

Late	
  Stages:	
  transport	
  
solenoid	
  coils	
  inside	
  
induc?on	
  linac	
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COOLING SOLENOIDS	
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u Limit	
  field	
  integral	
  to	
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  the	
  transverse	
  –longitudnal	
  coupling	
  

à	
  Limit	
  unnessesary	
  increase	
  in	
  σt	
  
u Long	
  absorbers	
  

u  Long	
  absorbers	
  
u  Rela?vley	
  smaller	
  transverse	
  amplitudes	
  	
  

+	
  already	
  longer	
  bunch	
  length	
  	
  

u  Medium	
  absorber	
  thickness	
  
u  Larger	
  energy	
  spread	
  will	
  lead	
  to	
  unwanted	
  

chroma?c	
  effects	
  

u  Small	
  absorber	
  thickness	
  
u  Very	
  small	
  transverse	
  amplitudes	
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FIELD FLIP MATCH	
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Ø  Field	
  flip	
  required	
  to	
  limit	
  the	
  angular	
  momentum	
  build	
  up	
  
Ø  Field	
  flip	
  may	
  lead	
  to	
  emiaance	
  dilu?on	
  
Ø  Solu?on:	
  à	
  limited	
  number	
  of	
  field	
  flips	
  

	
  	
  	
  	
  	
  à	
  Proper	
  optmiza?on	
  for	
  each	
  field	
  flip	
  independently	
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LH2	
  Absorber	
  

RF	
  cavi?es	
  

Energy	
  phase	
  rota?on	
  

Ø  Muon	
  beam	
  energy	
  falls	
  gradually	
  Pz	
  =	
  135	
  à	
  70	
  MeV/c	
  
Ø  LH2	
  absorber	
  length	
  falls	
  from	
  65	
  cm	
  to	
  13	
  cm	
  
Ø  Energy	
  phase	
  rota?on	
  to	
  maintain	
  the	
  energy	
  spread	
  of	
  the	
  beam	
  

aier	
  each	
  stage	
  
Ø  Bunch	
  length	
  rises	
  from	
  5	
  cm	
  to	
  180	
  cm	
  
Ø  RF	
  cavi?es	
  frequencies	
  fall	
  from	
  325	
  MHz	
  to	
  10	
  MHz	
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Ø  Drop	
  momentum	
  of	
  the	
  muon	
  beam	
  gradually	
  
Ø  Accelera?on	
  gradient	
  requirements	
  falls	
  as	
  well	
  
Ø  LH2	
  Absorbers	
  thickness	
  reuced	
  gradually	
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Ø  Control	
  of	
  energy	
  spread	
  &	
  bunch	
  length	
  
Ø  Energy	
  spread	
  increasea	
  inside	
  LH2	
  absorbers	
  
Ø  Energy	
  phase	
  rota?on	
  to	
  decrease	
  energy	
  spread	
  on	
  the	
  expnese	
  of	
  the	
  

bunch	
  length	
  
Ø  Optmiza?on	
  of	
  drii	
  length	
  for	
  ?me-­‐energy	
  correla?ons	
  which	
  gives	
  the	
  

required	
  energy	
  spread	
  for	
  the	
  following	
  stage	
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SIMULATION OF 25 – 30 T CHANNEL	



Two	
  field	
  flips	
  in	
  stage	
  5	
  and	
  stage	
  10	
  
B	
  =	
  25-­‐30	
  T	
  can	
  achieve	
  55	
  μm	
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CONCLUSION & SUMMARY	



-­‐  Explored	
  the	
  concept	
  of	
  high	
  field	
  -­‐	
  low	
  energy	
  cooling	
  channel	
  with	
  transverse	
  
and	
  longitudnal	
  matching	
  

-­‐  Channel	
  design	
  with	
  30-­‐25	
  T	
  focusing	
  field	
  presented	
  
-­‐  A	
  first	
  pass	
  of	
  a	
  complete	
  design	
  and	
  simula?on	
  of	
  a	
  high	
  field	
  cooling	
  channel	
  

à  εT	
  =	
  55	
  μm	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  εL	
  ~>	
  75	
  mm	
  

-­‐  Field	
  flip	
  frequency	
  is	
  under	
  study	
  
	
  

-­‐  Current	
  challenges	
  +	
  working	
  points	
  
-­‐  Optmize	
  the	
  30-­‐25	
  T	
  channels	
  –	
  find	
  the	
  lowest	
  achievable	
  emiaance	
  ?!	
  
-­‐  Optmize	
  the	
  40	
  T	
  to	
  achive	
  the	
  required	
  25	
  μm	
  
-­‐  Improve	
  transmission	
  
-­‐  Induc?on	
  linacs	
  –>	
  	
  	
  cost	
  +	
  low	
  accelera?on	
  gradient	
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